A dolescent idiopathic scoliosis (AIS) is a three-dimensional deformity of the spine affecting about 2 to 3% of adolescents. The majority of curves are minor and do not require intervention, however, approximately 0.5 to 1.5% of adolescents present with curves more than 20 degrees for which treatment may be required. [1] [2] [3] The only viable nonoperative treatment in such cases involves bracing of the spine until skeletal maturity and is typically indicated in the immature patients with a curve size between 25 and 45 degrees. 4, 5 Various bracing principles exist and the most frequently described is the full-time thoracolumbosacral orthosis (TLSO). This brace is designed to be used > 23 hours a day and has shown to be superior to observation in a randomized clinical trial. 4 However, various studies have reported a high rate of noncompliance and an associated poor outcome. [6] [7] [8] To increase compliance, braces designed for nighttime use only have been developed. [9] [10] [11] Among the most frequently reported are the Charleston and the providence brace (PB). The PB is a hyper corrective brace that uses an acrylic frame to apply direct, lateral, and rotational forces to the trunk. 9 Both the radiographic and clinical outcome has been described in the literature and initial long-term results with the PB are comparable with that of the full-time TLSO. 9, [11] [12] [13] However, studies on PB generally rely on small sample sizes and there is considerable variation regarding degrees of initial correction and influence of curve type. 9, 12, 14 It is unknown whether this variation in initial in-brace correction between studies and curve types is because of differences in flexibility as no previous studies have assessed curve flexibility before initiating brace treatment.
Supine lateral bending radiograph (SLBR) is frequently used to assess curve flexibility in patients undergoing surgical treatment for AIS and is an integral part of the Lenke classification in determining whether a curve is considered structural or nonstructural. 15 Curve flexibility as determined by SLBR has shown good correlation with the surgical correction but to what extent SLBR can be used to predict in-brace correction before initiating bracing treatment is unknown. PB was introduced at our facility in January 2006 and SLBR has been performed routinely throughout the study period on all AIS patients planned for brace treatment.
OBJECTIVE
The objective of the study was to determine the initial curve correction of the PB and to determine to what extend in-brace Cobb angle corresponds to the curve seen on SLBR.
MATERIALS AND METHODS
A retrospective cross-sectional study was conducted on all AIS patients treated with a PB between January 1, 2006 and December 31, 2013. The Danish Data Protection Agency and the Danish Health and Medicines Authority approved the study. Only patients over the age of 10 with a major curve size of 25 to 45 degrees were included. Study variables included age, sex, menarchal status, curve type, and major Cobb angle. Curve type was classified as thoracic (T), thoracolumbar (TL), lumbar (L), or double major (DM) if curves were within 5 degrees8 of each other. 9 Cobb angle on SLBR before treatment and on initial in-brace radiograph (IBR) were measured twice for each patient by one observer 30 days apart (Figure 1 ). The second series of measurements was blinded for the results from the first series. The observer was a resident physician at the Spine Unit with extensive experience in radiographic evaluation of patients with AIS. Curve reduction to 0degree or beyond the midline was defined as the maximum of 100% correction. Curve flexibility was defined as: (standing Cobb angle -lateral bending Cobb angle) / standing Cobb angle Â 100 percent. Curve correction was defined as: (standing Cobb angle -initial inbrace Cobb angle) / standing Cobb angle Â 100 percent. Correction index (CI) was defined as: curve flexibility (%) / curve correction (%).
Statistical Analysis
All statistical analyses were performed using R version 3.1.1 (R core team, 2014, Vienna, Austria). Differences in curve correction between curve types were analyzed using oneway Analysis of Variance (ANOVA) as correction was approximately normally distributed. Post hoc analysis was performed in cases of significant difference with Tukey's post hoc test. The precision of Cobb angle measurement for each type of radiograph (SLBR and IBR) was estimated using the repeatability coefficient (RC) defined as 1.96 Ã standard deviation (SD) of differences between repeat measurements. Two readings by the same method are expected to be within AE RC for 95% of subjects. 16 The mean difference for Cobb angle measurements on IBR versus SLBR was calculated and 95% limits of agreement (LOA) for the two methods of measurement were estimated as AE 1.96 Ã sqrt (2) Â within subject SD of mean measurement differences. Within subject SD was estimated using a repeated measures linear mixed-effect model with subjects and type of radiography within each subject as random effects. 17 A modified Bland Altman plot was constructed with difference between mean Cobb angle on SBLR and mean Cobb angle on IBR plotted against the mean of all four measurements per patient. Data distribution was assessed with histograms. Approximately normally distributed data is summarized with means and SD, nonnormally distributed data is reported with medians and interquartile range (IQR).
RESULTS
A total of 136 patients met the inclusion criteria. Nine patients were excluded because of insufficient radiographs leaving 127 patients in the final study population. Mean age was 13.6 years (SD: 1.5), 89 % were females, and mean Cobb angle was 35 degrees (SD: 68). Approximately, 52 % of curves were T, 21 % were TL, 9 % were L and 18% were DM (Table 1) . Among females 46 patients (41%) were premenarchal, 54 (48%) were less than 13 months from menarche and 13 patients were between 13 to 24 months from menarche. Mean Cobb angle on IBR was 138 (SD: 88) corresponding to a mean correction of 228 (63%) with significant difference among curve types (P < 0.001) ( Table 2 ). Post hoc analysis showed significantly less correction in T curves compared with the other curve types (P < 0.04). When curve correction was adjusted for curve flexibility with CI ANOVA showed no statistical difference between curve types (P ¼ 0.77).
For both SBLR and IBR the mean difference of repeated Cobb measurements was less than one degree and the repeatability coefficients were 48 for both. Bland-Altman plots (not printed) showed no trends for increasing differences or variability of differences with increasing curve size, thus the reported repeatability coefficients were valid both for small and large curves.
Overall mean difference between SLBR and IBR Cobb angle was 0.28 (LOA AE 108) and 22 % of differences exceeded AE 58. For T curves mean difference was 0.28 (LOA AE 88), for TL/L 0.98 (LOA; AE 108) and for DM 0.48 (LOA; AE 168). A modified Bland Altman plot showed no trend toward an increase in difference between Cobb angle on SBLR and IBR or increased variance of the differences with increasing curve size (Figure 2 ). We also estimated LOA for the first and second round of measurements separately using observed SD of differences between Cobb on SBLR and IBR and found LOA AE 108 and AE 118, respectively.
DISCUSSION
The primary finding in the current study was that in-brace curve correction obtained with PB was the same as curve correction on SLBR. We found a mean difference of 0.28 between Cobb angles measured on SLBR and IBR with LOA AE 108 and 78 % of measurements were within 58. (6) 13 (8) 22 (7) 63 (20) 63 (23) 1.05 Thoracic (67) 35 (5) 16 (6) 19 (6) 54 (16) 53 (19) 1.02 Thoracolumbar (27) 33 (7) 8 (8) 25 (7) 77 (20) 80 (16) 1.09
Lumbar (10) 34 (4) 7 (5) 27 (4) 79 (14) 85 (18) 1.07 Double (23) 37 (6) 13 (6) 23 (3) 63 (18) 63 (24) The average in-brace curve correction with PB was 63% and when adjusted for curve flexibility no difference in curve correction between curve types was found. Intra-observer repeatability was 48 for both types of radiograph corresponding with previous studies showing a total error of 28 to 78 in Cobb angle assessment and that curve size vary considerably depending on time of day and exact positioning for the radiograph. [18] [19] [20] [21] Also, estimation of LOA using random effects and repeat measures was very close to LOA observed for both the first and second round of measurements, which were almost identical, indicating that the amount of measurement variance for the observer was very close between rounds of measurements and thus had a minimal influence on the comparison of measurement methods. Considering these factors our results indicate a strong association between SLBR and IBR Cobb angle.
Results from previous studies on the initial correction obtained by PB range from a mean correction of 59% to 96% and vary according to curve type. 9, 12, 14 In line with our results, these studies found initial curve correction in T and DM curves to be less than in TL and L curves and other studies have found less correction at final follow up in T curves. 22 Our analyses indicate that the differences between curve types, in terms of both initial and final curve correction, may be because of differences in curve flexibility rather than the corrective properties of the brace. It should be noted that the current study only describes curve correction with the PB and the results do not necessarily apply to other brace types. The study by d'Amato et al 9 is comparable with the current study regarding sample size, patient age and distribution of curve types and reported in-brace correction from 90 to 111%. We observed a considerable lower degree of in-brace correction and this could be caused by the fact that d'Amato et al only included female patients and that the average curve magnitude before bracing was 278 compared with 358 in the current study (Table 2) . Also it should be noted that, unlike previous studies, our study defined a maximum correction of 100% to make the IBR more comparable with the SLBR. Our results indicate less correction than the majority of previous studies; however, it seems clear that PB provides a better curve correction than full-time brace systems, such as the Boston brace, which has shown in-brace correction ranging from 35 to 50 %. [22] [23] [24] The use of SLBR for patients with AIS planned for brace treatment has not previously been described. Increased curve flexibility has been associated with a favorable outcome in several studies; however, assessment of flexibility has traditionally been based on initial in-brace curve magnitude. 24, 23 Curve flexibility may represent a key prognostic parameter in patients with AIS making our findings highly relevant as SLBR may be the best way to assess curve flexibility before treatment is initiated. SLBR as a prognostic variable would be especially relevant in patients with larger curves where success of brace treatment becomes less likely and surgical treatment is considered. However, further studies are needed to assess the prognostic ability of the SLBR. Another clinical consequence of the current study may be that routine SLBR before PB-treatment can be avoided as the curve magnitude on IBR correctly reflects the degree of correction and flexibility.
CONCLUSION PB provides substantial curve correction for all curve types. Cobb angle measured on SBLR provides a very close estimation of the actual in-brace correction. Further studies may determine whether SLBR can also be used as a prognostic parameter for curve progression.
Key Points
Mean initial curve correction with the providence brace was 63%. Initial curve correction for the providence brace was the same as curve correction on supine lateral bending radiographs with a mean difference of 0.28. When adjusted for curve flexibility based on supine lateral bending radiographs no difference in in-brace curve correction between curve types was found. Supine lateral bending radiographs may serve as a key prognostic parameter in patients with AIS before initiating brace treatment.
